In order to better understand the impact of the bar on the evolution of spiral galaxies, we measure the properties of giant H ii regions and the bar in the SB(s)b galaxy NGC 5430. We use two complementary data sets, both obtained at the Observatoire du Mont-Mégantic: a hyperspectral data cube from the imaging Fourier transform spectrograph SpIOMM, and high-resolution spectra across the bar from a long-slit spectrograph. We flux-calibrate SpIOMM spectra for the first time, and produce Hα and [N ii]λ6584Å intensity maps from which we identify 51 giant H ii regions in the spiral arms and bar. We evaluate the type of activity, the oxygen abundance and the age of the young populations contained in these giant H ii regions and in the bar. Thus, we confirm that NGC 5430 does not harbour a strong AGN, and that its WolfRayet knot shows a pure H ii region nature. We find no variation in abundance or age between the bar and spiral arms, nor as a function of galactocentric radius. These results are consistent with the hypothesis that a chemical mixing mechanism is at work in the galaxy's disc to flatten the oxygen abundance gradient. Using the starburst99 model, we estimate the ages of the young populations, and again find no variations in age between the bar and the arms or as a function of radius. Instead, we find evidence for two galaxy-wide waves of star formation, about 7.1 Myr and 10.5 Myr ago. While the bar in NGC 5430 is an obvious candidate to trigger these two episodes, it is not clear how the bar could induce widespread star formation on such a short time-scale.
INTRODUCTION
Observations reveal that two thirds of spiral galaxies are barred (de Vaucouleurs 1963; Eskridge et al. 2000; Marinova & Jogee 2007) . The formation mechanisms and the impact of this structure on the disc are not fully understood. However, some observations and simulations suggest that bars are temporary or cyclical features in spiral galaxy evolution (Das et al. 2002) . This structure would facilitate the distribution of chemical elements in the disc and toward the centre (Norman et al. 1996; van der Laan et al. 2011 ). Thereby, a bar would tend to flatten or even erase an abundance gradient in the disc (Alloin et al. 1981; Vila-Costas & Edmunds 1992; Zaritsky et al. 1994; Friedli et al. 1994; Martin & Roy 1994 , 1995 the non-circular motions induced by this kind of structure (van der Kruit & Freeman 2011) . Moreover, the presence of a bar influences the location of massive star formation in the galaxy (Wozniak 2007) , but not the star formation rate (Kennicutt 1994) .
One way to investigate the impact of a bar in a single galaxy is to measure the properties of H ii regions in and beyond the bar, such as their position in the disc, O/H abundance and young population age (Hodge & Kennicutt 1983; Kennicutt 1983; Zaritsky et al. 1994; Kennicutt 1994) . However, for distant galaxies, individual H ii regions cannot be resolved. For these systems, we instead consider the properties of giant H ii regions, i.e. the aggregate of several H ii regions.
In this paper, we present a study of the activity, abundances and young population ages in the arms and bar of the spiral galaxy NGC 5430. We use optical spectra obtained with the imaging Fourier transform spectrograph SpIOMM and a long-slit spectrograph at the Observatoire du MontMégantic. The SpIOMM imaging capacity provides a spectrum for each pixel across the 12 circular field-of-view, albeit with lower throughput than a long-slit spectrograph. These two data sets are therefore complementary, and we use the sensitivity of the long-slit spectrograph to corroborate the 2D results obtained with SpIOMM.
NGC 5430 is a SB(s)b galaxy (RA 14 h 00 m 45. s 6, Dec. +59
• 19 m 42 s , J2000) located at a distance of 42±3 Mpc, using a redshift of cz=3061±9 km s −1 (Fixsen et al. 1996) and H0 = 73.0 km s −1 Mpc −1 . Two regions in the galaxy exhibit strong emission as shown in Fig. 1 . The brightest region is located 22 from the galaxy nucleus (within B2 in Fig. 1 ) and is identified as a Wolf-Rayet (WR) knot (Keel 1982 (Keel , 1987 Fernandes et al. 2004 ). The second is the central region (within B4 in Fig. 1 ), which shows active star formation in two knots on a nuclear ring (Balzano 1983; Contini et al. 1997; Cantin 2004 Cantin , 2010 . This galaxy has an inclination of 50±5
• and a position angle of 177±16
• (Epinat et al. 2008 ). NGC 5430 is one of the first extragalactic sources studied with SpIOMM.
Using the spatial and spectral information from the longslit spectrograph and SpIOMM, we evaluate the type of activity (H ii, LINER, composite, etc. − Baldwin, Phillips & Terlevich 1981; Kewley et al. 2006) , the abundance (Kewley & Dopita 2002) and the young population age (starburst99, Leitherer et al. 1999 ) of the NGC 5430 bar and giant H ii regions. Then we look at the behavior of these parameters as function of galactocentric radius, in the bar and in the spiral arms.
Details about the observations, the data reduction and the analysis procedure, including how we evaluate the reddening and the giant H ii region boundaries, are presented in Section 2 of this paper. Our results are found in Section 3 and compared with others found in the literature. Finally, Sections 4 and 5 contain a discussion and a summary of our conclusions, respectively.
OBSERVATIONS AND DATA REDUCTION
The two data sets used for our study were obtained with the 1.6-meter Ritchey-Chrétien, Boller & Chivens telescope at the Observatoire du Mont-Mégantic between March 2006 and May 2008. The sky conditions were good to excellent during the three observing runs, with a typical seeing of 1.3 .
SpIOMM Observations
A hyper-spectral cube centered on NGC 5430 was obtained with the imaging Fourier transform spectrograph SpIOMM on 2008 May 5. The specific parameters of the observations and the reduced data cube are presented in Table 1 . SpIOMM is a modified Michelson interferometer that obtains morphological, spectroscopic and kinematic information over a 12 circular field-of-view in a single observing sequence. During data acquisition, one of the two mirrors constituting the instrument moves at regular steps of few nanometers. At each step (or relative phase), a new image is taken. Together, these images produce a data cube in right ascension, declination and relative phase that contains an interference pattern, or interferogram, for each pixel of the CCD. Fig. 2 is an example of a summed interferogram and its associated spectrum for a bright giant H ii region. At the zero path difference (ZPD), usually located in the centre of the interferogram, all wavelengths interfere constructively or destructively producing a peak as shown in Fig. 2 b) . This peak contains the information along the line of sight that corresponds to the fast Fourier transform (FFT) of the spectrum. Sometimes a pulse can be observed in the interferogram, a sign of strong emission lines in the associated spectrum. For further information about the instrument and the observing procedure see Charlebois et al. (2010) We used the intermediate-band filter r (6480-6820Å) to , which is characteristic for bright giant H ii regions. Additionally, the zero path difference (ZPD) peak can be easily identified. c) Hα intensity map of NGC 5430, obtained by integrating the hyperspectral cube in frequency after the FFT. The red box shows the same region as in a). d) Spectrum of the boxed region in c), with spectral features labelled.
limit the bandwidth to the [N ii] λλ6548,6584, Hα λ6563 and [S ii] λ6716 emission lines. Note that because of NGC 5430's redshift the second line of the sulfur doublet, [S ii] λ6731, falls outside of the filter bandpass. Every image in the cube was corrected for CCD readout noise, pixel-to-pixel variations, sky brightness and cloud cover variations. We also excised the cosmic rays and satellite tracks that were at least three times greater than the interferogram standard deviation. The SpIOMM spectra have not been corrected for internal extinction because their bandwidth does not include Hβ. However, we restrict our analysis using these data to the [N ii] λ6584/Hα line ratio. These two emission lines are close in wavelength in the red portion of the spectrum, which is less affected by reddening. Therefore, the impact of reddening on this ratio should be minimal.
Once all interferograms were corrected, we took an FFT to convert them into spectra and we then applied a wavelength calibration (Grandmont et al. 2003; . In addition, a flux calibration has been applied for the first time to SpIOMM data. For this, we summed all images in the frequency domain, and we measured the instrumental magnitude of about ten stars throughout the field-of-view. Using the relation presented in Fukugita et al. (1996) , we converted these magnitudes into fluxes and compared them to the fluxes measured by the Sloan Digital Sky Survey (Adelman-McCarthy et al. 2008) . That gave us an average flux ratio fSLOAN /fSpIOMM = 6.2±0.8 by which we multiplied each spectrum. Finally, each spectrum was corrected for Milky Way extinction, with E(B − V ) = 0.015 (Schlegel et al. 1998) , and assigned appropriate spatial coordinates with the karma task koords (Gooch 1995 (Gooch , 1996 and a Digital Sky Survey image.
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Intensity Maps
Exploiting the SpIOMM imaging capacity, we obtained the Hα and [N ii] λ6584 emission line intensity maps presented in Fig. 3 . Each pixel in the map is the sum of the continuumsubtracted emission in that spectral line along the line-ofsight.
As shown in Figs. 1 and 2, NGC 5430 has a strong ovalshaped bar that we identified as a type B in the Martin & Friedli (1997 classification scheme. This means that several H ii regions are visible in the bar and star formation is occurring in the galaxy's core. In both intensity maps, the emission is strong in the core, on the leading side of the bar, in the northern arms and in the south-east knot. These observations are consistent with the O'Halloran et al. (2005) and Contini et al. (1996) isophotal contour maps. The strongest emission in the galaxy is in a region of diameter ∼2 = 0.4 kpc corresponding to the WR knot (Keel 1982 (Keel , 1987 . In the galaxy centre, the emission is particularly intense in two regions located on each side of the core and on a circum-nuclear ring (Contini et al. 1997; Cantin 2010) . This central ring is not evident in the SpIOMM data due to the limited spatial resolution (∼1.3 ). Finally, the northern arms exhibit stronger emission than the southern arms. According to Rozas et al. (1998) , this type of asymmetry is widely observed in barred galaxies and related to the strength of this structure. Hence, the stronger the bar, the less symmetric the star formation in the outer disc. Moreover, the relative strength of emission lines suggests that the brighter parts of the galaxy are affected by thermal processes since the Hα emission is stronger than the [N ii] emission. However, there is no clear indication of a close companion in our data that could explain this perturbation (Keel 1987 . Giant H ii regions identified in SpIOMM intensity maps in Fig. 3 . Regions in the bar are in blue, and those in the arms are in green. The properties of each numbered H ii region are given in Table 2 . The grey boxes show the locations and sizes of zones B1-B6 (see Fig. 1 ).
Giant H II Region Identification
In order to measure the properties of the giant H ii regions throughout NGC 5430, we use the SpIOMM data to identify these regions and to produce a single spectrum for each. Using an intensity map summed over both the Hα and [N ii] λ6584 emission lines and the idl program HIIphot.pro
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Wa v elength Figure 5 . Long-slit spectra across the NGC 5430 bar, summed over the zones shown in Fig. 1 . In each panel, the detected spectral transitions are labelled, and atmospheric artifacts are indicated by ATM. (Thilker et al. 2000) , we detected 99 bright regions. We then summed the SpIOMM spectra within the identified regions. From them, we selected 51 giant H ii regions with a signal-tonoise S/N 5 in the Hα line for our analysis. We separated this sample into regions located in the bar and those located in the arms by visual inspection. Fig. 4 shows a map of these 51 giant H ii regions and Table 2 contains their measured properties.
Long-slit Spectrograph Observations
With the Perkin-Elmer long-slit spectrograph at the f/8 focus and a 600 lines mm −1 diffraction grating, we took observations from 2006 March 26-31 along the NGC 5430 bar that have a higher sensitivity than the SpIOMM observations described above. For these 16 exposures of 2700 seconds the slit was wide open (width: 4 , length: 6 ) and positioned on the galaxy's bar at a position angle of 145
• .
Using iraf 1 , we summed the data in six 10.4 × 4 zones across the bar, shown in Fig. 1 , and corrected the resulting spectra (3300-8200Å) for CCD readout noise, pixel-to-pixel variations and sky brightness. Moreover, they have been calibrated in wavelength and flux, respectively with a CuAr calibration lamp and the standard star HD 109995, and corrected for cosmic rays, dust reddening and redshift. The final spectra are shown in Fig. 5 , and have a resolution of 6.1Å.
Since the first two Balmer lines are measured by our longslit spectra, we calculated the E(B−V ) colour excess (Miller & Mathews 1972; Cahn 1976) for zones B1 to B6. We assumed an optically thick medium, where all the Lyman line photons are scattered to lower energies, as well as an electron temperature of 10 000 K (Osterbrock & Ferland 2006) . The values derived are given in Table 3 , and were applied to the Figure 6 . Comparison between summed, continuum-subtracted SpIOMM spectrum and long-slit spectrum in zone B2 (see Fig. 1 ). Note that the faint feature in the SpIOMM spectrum near 6750Å is likely an instrumental or processing artifact, rather than real signal. spectra assuming that Cardelli et al. (1989) 's law holds for NGC 5430. Note that if the Hβ emission is underestimated because of underlying absorption, our E(B − V ) values will be overestimated. This is particularly the case for B3, B5 and B6 where the redenning is greater. Our uncertainties do not take this effect into account.
The higher extinction in the B3, B5 and B6 zones suggests that they contain the oldest populations, since the stars have had the time to enrich the interstellar medium with dust. The lower colour excess in B1 and B2 implies younger populations therein, supported by the presence of a WR bump in the B2 spectrum.
Note that some giant H ii regions identified in the SpI-OMM data overlap with the zones B1-B6: 19 falls within B2, 25 and 29 fall within B3, 33 and 36 fall within B4, 44 falls within B5, and 45 and 47 fall within B6. Even if these zones/regions do not have the same size, their overlap allows for a rough comparison between the long-slit and SpIOMM results, which we discuss in Section 3.
SpIOMM Flux Validation
Since we have carried out the first flux calibration with SpI-OMM, we validate the flux scale using the long-slit data. Specifically, we sum the SpIOMM spectra in zone B2 (see Fig. 1 ), and compare the result to the corresponding longslit spectrum. Fig. 6 shows the result: there is very good agreement between the normalized SpIOMM and long-slit spectra.
Measurements and Uncertainties
Overall, we examine spectra from 51 giant H ii regions identified in the SpIOMM data cube and six regions along the bar probed with a long-slit spectrograph. All measurements on these spectra were carried out with the iraf interactive facility splot. Gaussian fits were performed on emission lines observed in the SpIOMM spectra (Hα, . We computed deprojected galactocentric radii for each region using the galaxy disc geometry determined by Epinat et al. (2008) . The measured Hα line fluxes and [N ii]/Hα ratios are shown in Table 2 for the 51 giant H ii regions detected with SpI-OMM, and in Table 3 for zones B1-B6. The uncertainties on our measurements were determined from the continuum variation. Note that the emission line fluxes and uncertainties have not been corrected for underlying absorption. However, as found by Cantin (2010) , the difference between the ages of a young population measured in a spectrum that is corrected for the extinction and one that is not is comparable to the uncertainty on the indicator, such as the Hα, Hβ or He ii λ4686 equivalent widths.
RESULTS
Having measured the emission line fluxes in the 51 SpI-OMM and six long-slit spectra, we use their ratios to determine the properties of the bar and giant H ii regions of NGC 5430. First, we verify the type of activity (e.g., H ii, LINER or composite) in these regions with BPT diagrams (Baldwin et al. 1981 ). Then we look at the variation of the [N ii]λ6584/Hα line ratio with radius. For regions that exhibit an H ii region or a composite type of activity, we pursue our investigation by estimating the abundances with the Kewley & Dopita (2002) models. Using these abundances to calculate metallicities as well as to constrain the starformation model starburst99 (Leitherer et al. 1999) , we estimate the ages of the massive star populations. Finally, we compare results obtained with SpIOMM and the long-slit spectrograph as well as with the literature, and investigate the radial dependence of the measured quantities.
Type of Activity
The first step of our line ratio analysis is to evaluate the type of activity found in the NGC 5430 bar and to confirm that the 51 detections identified by HIIphot.pro are contained within the H ii and composite areas of Figure 8 . For this we used the BPT diagnostic diagram (Baldwin et al. 1981; Kewley et al. 2006) Fig. 7 shows the BPT diagrams for the zones B1, B2, B3, B4 and B6 across the NGC 5430 bar. The values from the sum of the spectra across the bar are represented by an X. Fig. 7 demonstrates two points. First, the central region of NGC 5430 (B4) does not contain a strong AGN, which concurs with the conclusions of Cantin (2010) . Second, B2 (WR knot) and B1 (southeast bar end next to the WR knot) show a H ii type of activity, whereas B3 (between the galaxy centre and the WR knot) and B6 (northwest bar end) are closer to the composite region of the diagram. This second result can be explained by non-thermal phenomena, such as compression and shocks, generated by the bar flow (Martin & Roy 1994) . for the central region. However, these results do not match our previous ones (Fig. 7) for B1, B2 and the whole bar (X). The [N ii]/Hα line ratios presented in Tables 2 and 3 . are higher than expected, particularly for the giant H ii regions that are not located in the bar and are therefore less likely to be affected by nuclear non-thermal process. B1 and B2 do nonetheless fall into the H ii region regime of the diagram, consistent with our long-slit results. In addition, if we assume that log[O iii]/Hβ < 0.5, most of the regions exhibit a H ii region type of activity and some possibly a composite one, such as regions 12, 22, 24, 31, 40 and 43. The nonzero radii of the regions with a composite type of activity suggest that they are not contaminated by a weak central AGN, but more likely by other non-thermal processes. Thus we can proceed with our analysis for the bar and the giant H ii regions using the Kewley & Dopita (2002) models.
[N II]λ6584/Hα line ratio
As previously mentioned, only the [N ii]/Hα ratio is available for both the SpIOMM and long-slit spectra because of the restricted r filter bandwidth used with SpIOMM; the ratios for each zone/region are given in Tables 2 and 3 . Fig. 9 a) and b) show the value of this ratio for regions with S/N 5 in both lines, on the sky and as a function of galactocentric radius respectively. The logarithmic values range from −0.60±0.02 (region 7) log([N ii]λ6584/Hα) −0.06±0.01 (region 31) with no discernible trend with radius either in the bar or the arms. The lack of radial variation in the [N ii]/Hα line ratio, assuming a similar ionization source for all H ii regions, supports the hypothesis that a chemical mixing mechanism is at work in the galaxy disc. We discuss this further in Section 5.
We also compared the long-slit and SpIOMM results in cases where the HIIphot.pro detections overlapped with the zones B1-B6 (see Section 2.1.2). Note that the long-slit zones are at least two times larger than the SpIOMM regions. We (1) (Baldwin et al. 1981) than their surroundings and the long-slit zones are not limited to these structures, this discrepancy is also to be expected. It is corroborated by an OASIS (Optically Adaptive System for Imaging Spectroscopy) map from Cantin (2010) 
Oxygen Abundance, Ionization Factor and Metallicity
With the type of activity in the NGC 5430 bar and giant H ii regions established, we estimate oxygen abundances 12+log(O/H). Since the abundance and ionization factor are interdependent, we employ the iterative method proposed by Kewley & Dopita (2002) that uses strong optical emission line ratios and offers alternatives if one is missing. For our study, in the first step of this technique where a rough estimate of the abundance is obtained, we use
/Hα in order of preference. As explained in Section 3.1, the second of these ratios is most sensitive to non-thermal process and thus the least It was possible to apply the method to the B1, B2 and B4 spectra. The underlying physics in B3 and B6 are not covered by the R23 model, leaving us with rough abundance and ionization factor estimates for these two zones. Recall that the [O iii]λ5007 line cannot be measured in B5 or in the SpIOMM spectra, so only rough abundance estimates were obtained via step 1 described above. Moreover, the model does not apply to region 31, because of its elevated [N ii]/Hα ratio. Overall, we obtained at least an abundance estimate for B1-B6 and for 33 of the 51 giant H ii zones/regions with the [N ii]/Hα ratio (S/N 5 in both lines), summarized in Tables 2 and 3 . Our uncertainties are limited to those of the models, except for the abundances estimated from the R23 ratio, where measurement uncertainties dominate.
First, we compared the abundances estimated from the line ratios available for B1-B6 and the whole bar (X) (see Table 3 ). For B1, B2, B3, B6 and the whole bar (X), all the calculated values are consistent within each zone at the three sigma level while the estimates for B4 and B5, the central region of NGC 5430 and that next to it, are not. According to Cantin (2010) and in agreement with the results of Section 3.1, the central region of NGC 5430 contains a weak AGN, and therefore non-thermal processes influence the emission line ratios.
As expected from the intensity maps in Section 2.1.1, the strongest ionization factors q are measured in B4 (q = 48.0±0.6 ×10 6 cm s −1 ), then B2 (q = 32.5±0.3 ×10 6 cm s −1 ), B1 (q = 20.5±0.2 ×10 6 cm s −1 ), B6 (q = 7.8±0.2 ×10 6 cm s −1 ) and B3 (q = 6.8±0.3 ×10 6 cm s −1 ). Without a strong enough [O iii]λ5007 line, it is not possible to estimate the ionization factor for B5. However, because R23 for this zone resembles that of B3 and B6, we expect a relatively low q in B5 as well. With q = 22.7±3 ×10 6 cm s −1 , the integrated emission of the bar (X) is clearly dominated by that of its brightest zones B2 and B4. 2) and because B1-B6 include more than just the H ii regions that fall within them, the average abundances in the former are three standard deviations higher than those in the latter. However, an OASIS abundance map of the central region by Cantin (2010) shows higher values (8.92 12+log(O/H) 9.18) than found here, but they also are homogeneous. This discrepancy can be explained by a difference in methodologies.
Having 
Young Star Population Age
To estimate the age of the young population, we used the starburst99 star formation model (Leitherer et al. 1999) , with a standard initial mass function (slope α = 2.5 and cutoff Mup = 100 M ) in the case of instantaneous star formation. This Web-based software uses 5 different metallicites (0.05 Z , 0.2 Z , 0.4 Z , 1 Z or 2 Z ) and the equivalent width (W λ ) of some emission lines (eg. Hα and Hβ) as constraints. Note that we did not subtract the contamination from old populations.
First, we evaluated the age of the bar with our best metallicity estimates determined from the R23 or [N ii]/[O ii] ratio, and the Hα, Hβ and He ii λ4686 equivalent widths when available. Since the equivalent width uncertainties are smaller than those of the starburst99 model time steps, we adopt the latter (0.1 Myr) as our uncertainty estimate on the stellar population ages. The results are presented in Tables 2 and 3 . For the zones with strong emission lines and therefore an abundance estimated from the R23 ratio, i.e. B1, B2, B4 and the whole bar (X), the ages found with the Hα and Hβ equivalent widths are consistent with each other within three sigma. Even if statistically speaking the values found for B3, B5 and B6 do not concur, they remain close. Similarly, the age found for B2 using He ii λ4686 differs from that found using Hα by ∼3.5 sigma.
Second, we observed in Section 3.3 that the metallicity estimated from the [N ii]/Hα ratio for the NGC 5430 bar and arms are homogeneous with a range 1.1±0.2 Z [Z ] 1.9±0.1 and an average value of 1.5±0.2 Z . Because this is a rough estimate due to the sensitivity of the [N ii]/Hα ratio to non-thermal processes, we decided to evaluate the age of the young star populations at 1 Z and 2 Z with the Hα equivalent widths. We adopt the average of the two results as our age estimate at Z = 1.5 Z , and half of their difference as our uncertainty on this value. Note that even if only 33 of the 51 giant H ii regions have a metallicity estimate because of S/N or model limitations (see Sections 3.2 and 3.3), we assumed that all 51 giant H ii regions have the same metallicity of Z = 1.5 Z , and computed ages accordingly. For transparency, the detailed results are compiled in Tables 2 and 3 .
Because the young stellar populations are located primarily in the giant H ii regions, we find that the age obtained for B4 (T = 7.2±0.1 Myr), and the regions 33 (T = 6.7±0.2 Myr) and 36 (T = 6.8±0.1 Myr) within B4 agree at the three sigma level. These results agree with the Contini et al. (1997; 6±1 Myr) and Cantin (2010; 6.2±0.8 Myr in the two central knots) studies. As expected, the WR knot is the youngest region in the galaxy, with an age between 4.9±0.1 Myr (zone B2 from W λ [He ii]) and 5.9±0.2 Myr (region 19 from log(W λ [Hα])). However, if we consider only the values estimated from the Hα equivalent with, the lower limit is 5.4±0.1 Myr. Contini et al. 1997 estimated an age between 3.4 T [Myr] 6.0 for this structure, which includes all our values. We have therefore narrowed the age intervals previously determined for both the central region (6.5 T [Myr] 6.9) and the WR knot (4.8 T [Myr] 6.1). Fig. 9 e) and f) show the measured young population ages on the sky and as a function of radius, respectively. If we focus on the ages estimated from the Hα equivalent width, the values range from 5.4±0.1 Myr (zone B2) to 11.4±1.3 Myr (region 12). However, even taking into account the possible variation of the metallicity between 1 Z and 2 Z , two average ages seem to dominate the young star populations without any discernible trend as a function of radius in either the bar or the arms of NGC 5430. A first wave of massive stars would have been formed in NGC 5430 10.5±0.6 Myr ago (for 18 of the 51 giant H ii regions) and a second one about 3.4 Myr later, i.e. 7.1±0.5 Myr ago (for 33 of the 51 giant H ii regions).
DISCUSSION
The emission line intensities, oxygen abundances and stellar population ages for the giant H ii regions and the bar of NGC 5430, acquired with the SpIOMM imaging Fourier transform spectrograph and a long-slit spectrograph at the Observatoire du Mont-Mégantic, are broadly consistent with each other as well as with results from the literature (Keel 1982 , Keel 1987 , Contini et al. 1996 , Contini et al. 1997 , O'Halloran et al. 2005 , and Cantin 2010 see Section 3) .
Using HIIphot.pro with a SpIOMM intensity map summed over both Hα and [N ii], we detected 99 bright regions, of which 51 had S/N 5 in the Hα line. Additionally, 13/99 regions had 3 S/N < 5; an SpIOMM integration three times longer than that obtained would thus have improved our number statistics by about 25%.
We estimated the type of activity from BPT diagrams, and found that our SpIOMM detections are likely giant H ii regions (Section 3.1). The central region of NGC 5430 exhibits a composite type of activity, which is consistent with the conclusion of Cantin (2010) that this galaxy does not harbour a strong AGN. In addition, by comparing the different BPT diagrams (Sections 3.1 and 3.2), we found that the [N ii]/Hα line ratios measured in some regions with strong emission were higher than expected. This also been observed by Rosales-Ortega et al. (2011) in the spiral galaxy NGC 628.
We compute the oxygen abundances and young stellar population ages in the giant H ii regions and in the bar of NGC 5430 (Fig. 9) , and find that neither varies 1) between the bar and the spiral arms, nor 2) as a function of galactocentric radius. These results suggest the existence of a mixing mechanism in the disc. An obvious candidate for abundance mixing is NGC 5430's bar, that is thought to transport gas through the disc and mix the chemical elements that it contains. The mechanism would lead to a flattening of the abundance gradient as observed by Alloin et al. (1981) , Martin (1992) , Martin & Roy (1994) , Roy (1996) , Norman et al. (1996) and Rosales-Ortega et al. (2011) among others (see van der Kruit & Freeman 2011 for a review). Thus, the bar would have already mixed the disc in NGC 5430. However, since NGC 5430 is a SB(s)b, our results are also consistent with the observations of Dutil & Roy (1999) that suggest that the abundance gradient in early-type spiral galaxies, which for them includes S0 to Sb types, is flatter even in the absence of a bar.
The positions of the young star populations in the NGC 5430 disc are consistent with the Wozniak (2007) simulations. The youngest stars of the bar are located in the central region and at the ends, while older stars are found near the centre, perpendicular to the bar. Because of their short lifetimes, the young star populations in a galaxy are least affected by scattering in the disc and tend to stay closest to their birthplace. If we apply this principle to our observations, it means that a first galaxy-wide wave of star formation was triggered 10.5±0.6 Myr years ago and a second one 7.1±0.5 Myr ago.
Both the widespread star formation episodes and the relatively short interval between them seem hard to explain using the dynamics of the bar in NGC 5430. Even if we assume that this galaxy harbours a fast bar where corotation occurs roughly at the bar edge, it would take material at this radius ∼100 Myr to complete one revolution. Another hypothesis is that the waves of star formation were triggered by the inflow of gas toward the galaxy centre along the bar. However, the regular rotation in the velocity field of NGC 5430 (Epinat et al. 2008) implies that the inflow velocities are unlikely to be larger than ∼50 km s −1 (Wong et al. 2004; Spekkens & Sellwood 2007) , also too slow to explain the existence of two galaxy-wide bursts. Thus while the bar provides a potential mixing mechanism in the disc, it is not clear exactly how the rapid mixing required by our observations would take place.
It is also possible the two waves of star formation detected in NGC 5430 represent an episode of cyclical star formation in the disc. If the star formation is indeed periodic, we would expect to see a stellar population with an age of ∼3.7 Myr, as well as one aged by ∼14 Myr. The former might be difficult to detect in the optical, while the latter would not ionize the surrounding medium and produce emission lines; it is therefore not inconceivable that they are missed by our data. Note that if NGC 5430 contains a young, dust-enshrouded star population, then it should be bright in the infrared, as is the case (Keel 1987; Kim et al. 1995; Veilleux et al. 1995) .
Finally, a high-resolution dynamical study of NGC 5430 could provide valuable information to help understand the mechanisms driving the evolution of this galaxy, and particularly those that led to the two waves of young star formation reported here.
CONCLUSION
An SpIOMM hyperspectral data cube as well as longslit spectra, both obtained at the Observatoire du MontMégantic, have been used to study the properties of the bar and the giant H ii regions in the spiral galaxy NGC 5430. For the first time, SpIOMM data have been successfully calibrated in flux and cross-compared with a long-slit spectrum, itself independently calibrated with the spectrum of a standard star. At each step of our analysis, we compared the results obtained from SpIOMM data to those obtained with long-slit spectrograph data. They are broadly consistent with each other, as well as with results published in the literature.
Exploiting the SpIOMM imaging capacity, we produced Hα and [N ii]λ6584 intensity maps, from which we identified 51 giant H ii regions, with S/N 5 in Hα, using the idl program HIIphot.pro. One spectrum has been obtained for each of these regions. Additionally, spectra for six zones across the bar were extracted from the long-slit data.
Using the emission line fluxes measured in these spectra, we evaluated the type of activity, the [N ii]/Hα ratio, the oxygen abundance and the age of the young star populations (2 T [Myr] 14) in every region. With BPT diagrams, we confirmed the absence of a strong AGN in the central region of NGC 5430 and the pure H ii region nature of the WolfRayet knot. No discernible variation in the [N ii]/Hα ratio or the oxygen abundance was measured between the bar and spiral arms in NGC 5430, or as a function of galactocentric radius. These results are consistent with the hypothesis that a chemical mixing mechanism, possibly the bar, is at work in the galaxy disc.
We find evidence for two distinct young populations of stars in NGC 5430, one with an age of 7.1±0.5 Myr and the second with an age of 10.5±0.6 Myr. As with the line ratios and abundances, we find no evidence for a radial gradient in either population. The short lifetimes of these populations suggest that mixing occurred very rapidly in the disc. While the presence of the bar provides a mixing mechanism, it is unclear how this dynamical structure mixed the disc on such short timescales.
